changes in the stock's value. This component is modeled by a standard geometric Brownian motion with a constant variance per unit time and it has a continuous sample path. In general, any continuous diffusion process would work equally well. (2)-The "abnormal" vibrations in price are due to the arrival of important new information about the stock that has more than a marginal effect on price. Typically, such information will be specific to the firm or possibly its industry although occasionally general economic information could be the source. It is assumed that this important information arrives only at discrete points in time, and it is reasonable to expect that (ex-post) there will be "active" periods for the stock when such information arrives and "quiet" periods when it does not although (ex-ante) the "4active" and "quiet" periods are random. This component is modeled by a "jump" process with an inherently noncontinuous sample path reflecting the non-marginal impact of information. The prototype for the jump component is a "Poisson-driven" process. 3 If S(t) denotes the stock price at time t, then the posited stock price dynamics can be written as a stochastic differential equation: namely, dS/ S = (a -Xk)dt + a dZ + dq (1) where a is the instantaneous expected return on the stock; a 2 iS the instantaneous variance of the return, conditional on no arrivals of important new information; dZ is a standard Gauss-Wiener process; q(t) is the Poisson process where dq and dZ are assumed to be independent; X is the mean number of arrivals of important new information per unit time; k -E( Y -1) where ( Y -1) is the random variable percentage change in the stock price if the Poisson event occurs; e is the expectation operator over the random variable Y. Using these assumptions about the stock price dynamics, I derived a formula for the option price which like the Black-Scholes formula does not depend on either investors' preferences or knowledge of the expected return on the stock.4 However, unlike the Black-Scholes formula, it cannot be derived by using the Black-Scholes arbitrage technique because in this case, the return structure of an option cannot be exactly reproduced by a dynamic portfolio strategy using the stock and riskless borrowing. To derive the formula, it was necessary to make the further strong assumption that the jump component of the underlying stock's return represented nonsystematic or diversifiable risk and therefore all of the stock's systematic or nondiversifiable risk was contained within the continuous component. Because the variations in the option's return caused by the continuous component in the underlying stock's return can be replicated by a dynamic portfolio strategy in the stock, it is possible to form a hedge position in the option, stock, and riskless asset whose only source of stochastic variation is the jump component. Therefore, all of the stochastic part of the return to this position would represent nonsystematic or diversifiable risk. Hence, in equilibrium, the option must be priced such that the expected return to this hedge position equals the interest rate. The resulting formula for the option price can be written as5
where W is the standard Black-Scholes option pricing formula given by W(S,iT; E,a2,r)_ SD(dj) -Ee-rTD(d2)
and D is the cumulative normal distribution function; d, [log(S/ E) + (r + a2/2)T] /aVT ; d2--aVT ; E is the exercise price of the option; T is the length of time to maturity, and r is the interest rate. Xn is a random variable with the same distribution as the product of n independently and identically distributed random variables, each identically distributed to the random variable Y, where it is understood that XO-1. En is defined to be the expectation operator over the distribution of Xn.
The number of shares of stock to be held long to hedge against the continuous component of the risk associated with the sale of one option, N*, is equal to aF/ aS which is obtained by differentiating formula (2) with respect to S.
Within this framework, I now turn to the substantive problem of this paper; namely: suppose an investor believes that the stock price dynamics follows a continuous sample-path process with a constant variance per unit time, and therefore he uses the standard Black-Scholes formula (3) to appraise the option when the true process for the stock price is described by (1). How will the investor's appraised value, call it Fe(S,T), based on this misspecified process for the stock, compare with the F(S,T) value based on the correct process?
To make the simulations feasible and to make clearer the nature of the misspecification, it is further assumed that Y is lognormally distributed with the variance of log(Y) equal to S2 and the expected value of Y equal to one. Given the investor's incorrect belief about the stock process, it would be natural for him to estimate the variance by using the past time series of the logarithmic returns on the stock.
Define the random variable pj(h) to be the logarithmic return on the stock taken around its mean over the time interval from t + (j -I)h to t +jh where j takes on positive integer values and h is the length of the time interval. The investor's belief about the process is that the {pj(h)} are independently and identically distributed which is in agreement with the true process. However, the investor believes that for all j It is the difference between (4) and (5) that is responsible for the error in pricing. However, before discussing the nature and magnitude of the pricing error, it will be helpful to briefly examine the impact of the misspecification on the variance estimation problem.
II. ON THE ESTIMATION OF THE VARIANCE RATE
Even when all the assumptions required to use the Black-Scholes option formula are satisfied, it is necessary to know the variance of the logarithmic return on the stock to use the formula. Since the variance rate is not a directly-observable variable, it must be estimated, and indeed option theory has induced a growing interest among both academics and practitioners in variance estimation as a problem area unto itself. While this is well known, it is not always recognized that the appropriate formula is itself affected when the variance rate must be estimated even when the Black-Scholes assumptions are satisfied. While a complete discussion of this point is outside the range of this paper, an examination of the impact of the specification error on the estimation problem will cast some light on this other problem.
If 
Let g denote the estimated variance per unit time for the true process using the time series of the stock returns over the past total time period of length T with n observations. If h is the length of time between observations, then h must satisfy nh T, and g will satisfy However, if the underlying stock process satisfies (5), then the variance of the estimate will satisfy (lOb), and even when h--0, this variance will approach 3XS 4/ T, a finite number. Hence, although there will be a reduction in the variance of the estimate as more observations are generated by further subdividing the interval, the magnitude of the estimation error will be of the same order as the estimate unless a2>>XS2, i.e., unless most of the variation in returns is due to the continuous component.
What is the significance of this difference in the estimator properties for the two processes? After all, it is easy to see that if we had chosen to increase the number of observations by increasing the total time period, T, rather than by subdividing the interval between observations, then from (9b) and (1Ob), the estimation error in both cases tends to zero like 1/ T.
The answer comes in two parts: first, if indeed we have a very long past history of price changes (so that large values for T are possible) and if the parameters of the process are truly constant over this long past history, then for a fixed number of observations, it is better to use the whole past history to estimate the parameters for the jump process while it is a matter of indifference for the smooth process. I.e., in the former case, number of observations is not a sufficient statistic for degree of accuracy while in the latter case it is. Note: this difference is solely due to differences in the types of processes and not to lack of independence between observations, since in both cases each observation is independently and identically distributed. In effect, estimating the expected return on a stock generated by (5) to within a specified accuracy requires no longer a past history than to estimate its variance with the same accuracy. On the other hand, to estimate the expected return on a stock generated by (4) will require a substantially longer past history than is necessary to estimate its variance with the same accuracy.
Second, since the assumption that the parameters of either process are constants over long periods of time is not consistent with empirical evidence, the ability to estimate the variance accurately by using only a limited past history is a very important property. For example, suppose that we knew that the parameters of the processes changed each year, but were constant during the year. Suppose the change takes place on January 1 and it is now July 1 and one wanted to evaluate a six-month option. If the underlying stock process satisfied (4), then one could use the past six months of price changes and by subdividing the time interval between observations obtain a very accurate estimate of the variance to substitute in the option pricing formula. However, if the underlying stock process satisfied (5), then by subdividing the time interval, one cannot improve the estimate for the jump component. While this example is unrealistic, the same principle will apply generally if the parameters are specified to be "slowly-changing" over time. Indeed, many practitioners who use the Black-Scholes option formula estimate the variance by using a relatively short length of past history (e.g., six months) and a short time between observations (e.g., daily) because they believe that the variance parameter does not remain constant over longer periods of time. Along these lines, it is of interest to note that if investors believe that the underlying process for the stock does not have jumps, then they may be led to the inference that the parameters of the process are not constant when indeed they are.
For example, suppose that they observe the price changes over a fixed time period but with a large number of observations so that they believe that they have a very accurate estimate for each time period's variance. If the true process for the stock is given by (5), then conditional on m jumps having occurred during the observation period, the { pj(h)} will be normally distributed with If h is very close to zero, then from (9b), the investor will believe that the observed g is very close to the true value for the variance rate. Hence, if one time period was an (ex post) "active" one for the stock (i.e., m > XT) and if a second time period was an (ex post) quiet period (i.e., m <AT), then the investor would conclude that the variance rate on the "perceived" process is not constant. Moreover, there would appear to be a "regression" effect in the variance from period to period with the regression toward the "long-run" variance, V2.
Also depending on the length of each of the time periods, T, the degree of "perceived" nonstationarity in the variance rate will be different. Consider the experiment where we keep the number of observations per time period fixed, but vary the length of the time period (i.e., we keep h/ T fixed). If the true process for the stock were smooth, then from (9b), the variance of the estimate is always the same. However, if the true process for the stock satisfies (5), then the variance of the estimate is given by (lOb) in which case, it is affected by the choice for T. In particular, the smaller is T, the larger is the variance of the estimate. Therefore, for the same number of observations, the estimates of the variance rate using weekly data will be more variable than for monthly data, and the monthly data will produce more variable estimates than will annual data.
Having at least explored some of the errors in variance estimation induced by a misspecification of the underlying stock price process, we now turn to the main purpose of the paper which is to examine the impact on option pricing. For this purpose, it will be assumed that the investor has available a long enough past history of stock prices so that his estimate is the true, unconditional variance per unit time of the process: namely, V2 X8 2+ a2.
III. PATTERN AND MAGNITUDE OF THE ERRORS IN OPTION PRICING
In this section, we examine the magitude of the error in pricing if an investor uses V2 as his estimate of the variance rate in the standard Black-Scholes formula (3) when the "true" solution is given by formula (2 Let N be a Poisson-distributed random variable with parameter (XT) and define t to be a random variable that takes on the value tn when the random variable N takes on the value n. Let "e" denote the expectation operator over the distribution of t. The expected value of t can be written as 7 e(t) 
If W'(X, t) were a convex function of t, then at least the sign of the difference between the true value and the investor's incorrect appraisal would be determinate. Unfortunately, it is not. Indeed, for some stock price parameter value combinations, the incorrect appraisal is too high and for others, it is too low. Hence, to determine the sign and magnitude of the error, it is necessary to do simulations over an appropriate range of parameter values.
For maximum effectiveness, it is necessary to determine a minimum number of parameters required to specify the error value. This minimum number was found to be four. While the particular four chosen are not unique, I attempted to choose ones with the greatest intuitive appeal. The four parameters are defined as follows: 028 ? 0.237) (1.029 ? 0.245) (1.030 ? 0.245) (1.029 ? 0.244) (1.026 ? 0.229) (1.020?0.199 in a qualitative discussion of the problem [3] , the incorrect appraisal gives too low a value for deep in-or out-of-the-money options, and it gives too high a value for options whose underlying stock price is around the exercise price. For each set of parameter values, there are two stock prices for which the correct and appraised values coincide. In Tables (la) -(lc), the values of these "crossover" stock prices are given along with the midpoint value between the crossover points plus or minus the range. Thus, for the range of stock prices between these two values, the incorrect option appraisal value will be too high.
Further inspection of Figure 1 shows that there are three extreme points in the dollar error: two points represent local maxima corresponding to the largest positive discrepancies between the correct and incorrect appraised value; and one local minimum corresponding to the largest negative discrepancy. (2a)-(2c) provide a listing of the stock prices corresponding to these three extreme points.8 In 8. Since these three stock prices correspond to points where the derivative of (f-fe) with respect to X equals zero, they also correspond to points where the respective hedge ratios, N* = af/ ax, and Ne = afe/ aX are equal. Thus, at these stock prices, the number of shares required to hedge against the option risk using the incorrect specification is equal to the correct number. Although not presented, in general, the error in the hedge ratio using the incorrect specification is not large over the range of parameters simulated. general, the largest-in-magnitude dollar error occurs at the middle point which is the negative discrepancy point. Rather than examine the magnitudes of the dollar discrepencies, I prefer to look at the percentage error. While this choice is somewhat arbitrary, I believe that it is generally a better statistic. Moreover, by looking at the percentage error as 1.026? 0.229) (1.026 ? 0.230) (1.026 ? 0.228) (1.025 ? 0.224) (1.022 ? 0.208) (1.015 ? 0.174 Tables (3a) -(3c) give the stock price for which the incorrect Black-Scholes formula gives the largest percentage overestimate of the option price and underneath each stock price is the actual percentage error. A dotted line within the table separates those parameter combinations resulting in percentage errors larger than five percent.
As inspection of these tables verify, the magnitude of the percentage error increases as either y increases or v decreases which is consistent with earlier discussion of how these parameters measure the degree of misspecification. Moreover, the magnitude of error decreases with increasing T. In effect, the impact of the specification error is less as T increases because for longer periods of time the distributions of the stock price generated by either jump or continuous processes tend to converge to one another.
What I did find rather surprising is the general level of the magnitudes of the errors. For the smallest frequency value examined (v = 5), the percentage of the variation caused by the jump component, y, had to exceed forty percent before an error of more than five percent could be generated. Indeed, this magnitude error only occurred at the shortest maturity period (T= .05). Moreover, for higher frequency values, the combination of high y and small T required to violate the five percent level was even more pronounced.
To In summary, the effect of specification error in the underlying stock returns on option prices will generally be rather small particularly when one realizes that the values given in the tables are maximums. However, there are some important exceptions: short-maturity options or options on stocks with low total variance rates can have significant discrepancies particularly if a significant fraction of the total variability comes from the jump component and the frequency of such jumps is small. In addition, deep out-of-the-money options can have very large percentage errors. Moreover, any situation where the v value is significantly less than five or where the T value is less than .05 should be examined with care. 
